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BLAS??????-????????? Level 1,??-????????? Level 2??
?-??????? Level 3?????. Level???????????????,????
???????????Level 2???-?????? Level 3???-?????????
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????????? N  N ???????????????????????????





??? N  N ?????????? Householder????????? Algorithm 1??
? [4]?
???????????????? (A)???????????? (a; s)???????
?????????? (n; )???????????????????????????
??????A[i:m; j:n] ??? A? i??? m?? j??? n?????????????
??A[i:m;k] ??? A? i??? m??k???????????????????A[i; j]


































w v   u
[rank-2??]
A[k:n;k:n]  A[k:n;k:n]   uwT   wuT
end for
????????????????????????????????M = M 1 ????
M = I   uuT ;  = 2kuk (3.1.1)
??????????? u?? (3.1.2)??????????? k??k???????
???????????? kuk?????????????????? 1???????
??????? (3.1.2)??,??????????????????????? u???































Householder???????A = MAM ??????????????? 2N3 ????










= A   AuuT   uuT A + 2uuT AuuT
= A    (Au)uT   u (Au)T + 2uuT ;  = uT (Au)? (3.1.3)




   ((Au)   u) uT ;  = uT (Au)
= A   uwT   wuT ;  = uT (Au) ; w =  (Au   u)
Householder????????????-????????? rank-2????????
(2=3)N3 ????????????????? (4=3)N3 ????????????? N






rank-2??? rank-2K??????? [5, 6]? Algorithm 2?????????????
? rank-2???????????????K ??????? K ??? rank-2?????
???? rank-2K????????
? 3??????????? l  l + K ?? Householder??????????????





U = O ; C = O
for l = 1 to n   2 step K do
for p = 0 to K   1 step 1 do
k = l + p
[?? Householder?????????????????????]
(1) a(k)[k:n]  A[k:n;k]   U[l:n;l:k](C[l:n;l:k])T   C[l:n;l:k](U[l:n;l:k])T
[???????? u???]
s  sign(a(k)[k+1])ka(k)[k+1:n]k
(2) u(k)  [a(k)k ; a(k)k+1 + s; : : : ; a(k)n ]
(3)   2ku(k)k
[????????]
(4) p (A[k:n;k:n]   U[l:n;l:k]CT[l:n;l:k]   C[l:n;l:k]UT[l:n;l:k])u(k)
(5) v u(k)T p=2





q = l + K
(7) A[q:n;q:n]  A[q:n;q:n]   U[l:n;l:q]CT[l:n;l:q]   C[l:n;l:q]UT[l:n;l:q]
end for
?????, (4)? rank???????????(7)? K ??????????????














?????????????? (?? Bischof?)????? [8]. ?????????
WY Representation[9]??????????????????????????????


























for k = 1 to n   2 step 1 do
[??????]
a[k:k+nb+1]  A[k:nb+1;k]
(1) [Householder????????,u; c; ???]
[??? rank-2??]
(2) A[k:nb+1;k:nb+1]   ucT   cuT
if k + m > n then
[bulge??]
i1 = k + nb + 1; i2 = k + 2nb + 1; j1 = k + 1; j2 = k + nb + 1;
p A[i1:i2; j1: j2]u
(3) A[i1:i2; j1: j2]  A[i1:i2; j1: j2]   puT
[bulge????]
for l = 1 to k + l  nb + 1 < n step nb do
t = k + l  nb + 1
(4) [???????????]
a[k:n]  A[t:t+nb;t nb]
(5)[Householder????????, u; c; ???]
[Householder????????????? bulge???]
i1 = t; i2 = t + nb; j1 = t   nb; j2 = t;
p AT[i1:i2; j1: j2]u
(6)A[i1:i2; j1: j2]  A[i1:i2; j1: j2]   uT p
[rank-2????? Householder?????????????????]
(7)A[t:t+nb;t:t+nb]  A[t:t+nb;t:t+nb]   ucT   cuT
if k + l  nb + nb < n   1 then
[??? bulge??]
i1 = t + nb + 1; i2 = t + 2nb + 1; j1 = t; j2 = t + nb;
p A[i1:i2; j1: j2]u










































? 5: Householder???????????? bulge???
? 6: bulge????
? 7: ??????????????? bulge????
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? 8: ?????? bulge????
??????????????????? 6nb  N2 ????????????????
2nb????????????? [12]???????? Householder?????????












????? N  N ?????? A?? (4.2.1)?????? A????? Givens???
? Q??????????????? T ?????????????
QAQT = T (4.2.1)







1: for i = nb to 1 < i step  1 do




































?????????????????????? (2)????? bulge?? (1)????
?????bulge?? (1)????? (2)??? bulge?? (3)????????????
???????????????????? (4)????? bulge?? (1), (3)????











































1.???????????????2.????? 1?????????2. 3. 4.????
???? 1?????????????????????? 2????????????

























1: while i < N   2 do
2: if Check Flag(i) then
3: Get Flag(i)
4: Band Reduction(i)
5: k = i + 1
6: i = i + 1
7: l = 1
8: while k + l  nb + 1 < n do
9: if Check Flag(l) then
10: Get Flag(l)
11: Bulge Erace(l)







?? 4:? Band Reduction(i)? i????????????i? 1??????????




Get Flag(l)? l??? bulge??????????????????????????
????????????? 11:? Bulge Erace(l)? l??? bulge???????l??









































1: i = thread num
2: while i < n   2 do
3: if Check Flag(i; thread id) then
4: Band Reduction(i)
5: Send Message(i; thread id)
6: k = i + 1
7: l = 1
8: while k + l  nb + 1 < n do
9: if Check Flag(l; thread id) then
10: Bulge Erace(l)
11: Send Message(l; thread id)
12: l = l + 1
13: end if
14: end while
15: i = i + thread num
16: end if
17: end while






????????????????????????4:? Band Reduction(i)? i???
????????????????????, 5:? Send Message(i, thread id)?????
????????????????????????????8:? bulge???????

































1: i = thread num
2: while i < n   2 do
3: if Check Flag(i) then
4: Band Reduction(i)
5: Sent Message(i)
6: k = i + 1
7: l = 1
8: while k + l  nb + 1 < n do
9: if Check Flag(l) then
10: Bulge Erace(l)
11: Send Message(l)



















????????-?????? dgemv,??-???? dgemm, rank-2??? dsyr2k??
?????????? BLAS??????????????????????????
??????? 6nbN2 ???????????????
? 1: ???? (Intel? Core i7)
CPU Intel Core i7 2600K 3.4GHz 4core(?? 8core)







? 2: ???? (AMD?? Phenom)
CPU AMD Phenom II X4 960T 3.0GHz 4core













?????? bulge??????????? nb?????????????? bulge?
bulge???????????? nb???????????????????????
????????????????? 14?????????????????????


















































































































? 16: ????????? 100000?
??????????????? (s)
6.4.2 ????





















































































































































??????? 1????? 2????????????????????????? 3
?????????????????????? 10240???????? 32?? 288?
? 32????????????????Phenom?????????????????
4??????????? 1, 2, 3, 4, 5, 8???????????
6.5.2 ????























































































? 21: ???????????????? (flops)




?????????????? 5120?? 19456?? 1024?????? 32?? 288?
? 32????????????????? 6.3??????????????????







































? 22: ???????????????? (flops)
6.6.1 ????

























































Exection Speed ( ops)






????????????? 5120?? 10240?? 1024?????? 32?? 288??
32?????????????? 6.5???????????????????? 2, 4
???????????
6.7.2 ????








































Exection Speed ( ops)








?????? L1, L2, L3????????????????
6.8.2 ????
?????????? 25  36?????????? 10240?????????????






? 25,? 26????????????????? L1????????????????
????????????????????????????????????????
??????????????????????????????????????? 8










? 29,? 30?????????????? L2??????????????L1???
?????????????????????????????????????? 8, 9
???????????????????? 1, 2????????????????? 4
?????????????????????









































































































































































































































































































































































































































??????????????????? 10240???????? 32?? 288?? 32
???????? L1, L2?????????????????
6.9.2 ????
?????????? 37?38?????????? 10240??????????? 1, 2,




















































































































































































































































sleep    1th
sleep    2th
sleep    3th
sleep    4th

































sleep    1th
sleep    2th
sleep    3th
sleep    4th








?????? 10240???????? 64, 128, 256?????????????????
























































































































































PAPI (Performance Application Programming Interface)? Tennessee??? ICL















Scalasca? Forschungszentrum Ju¨lich Ju¨lich Supercomputing Centre? German Research










?-?????? Level 2 BALS????????????Bischof??????????
??????????????????????????????-?????????




SBR??????????????????? QR, PRE, SYM, POST? 4??????
????????WY Representation??????????????????????
???????????????? b,????????????? d,????????
??????????? nb,????????????????? h???????? b
??????? 1  d < b; nb  b????
 QR??????????????????? Householder QR????????
??????????????????????? u ??????? U ????
QR?????????????? h  nb????
 WY Representation ? QR ??????????????????? U ????
??? Q?????????? Q???????????????QR????
???? Householder????????????????? (M(nb):::M(1)A = QA)?
nb = 1?? Q? QR????? Householder????????
 PRE ? QR ???????????????????????????????
? Q??????? PRE??????? h  (d   nb)????
 SYM???????????????????? Q??????? SYM???
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???? h  h????
 POST ?????????? Q ??????????????????????
? bulge ??????bulge ??????????????? Q ???????
POST??????? b  h????
? 42? SBR?????????????????????????????????
????????????????? QR,?????? PRE,?????? SYM,??
???? POST???????????????????????????? bulge??
?????????????????????????????????
d = b   1; b = 1; nb = 1??? SBR??????????????
Algorithm 8????????? SBR??????????????????????
?????????? b???? b???????????????????????
????? SBR????????????????? b  b????nb; d; h?????
??? SBR?????????????????????????????????
Algorithm 8 SBR????????
b = b   d
for j = 1 to n   b   1 step nb do
j1 = j; j2 = j1 + nb   1; i1 = j + b; i2 = min( j + b + nb   1; b);
while i1 < n do
QR: A[i1:i2; j1: j2] ? Householder QR?????????????
WY Representation : QR???????????????WY Representation
?????????????? Q?????.
PRE: A[i1:i2;i1:i2] ??????? QT ??????.
A  QTA
SYM:???? A[i1:i2;i1:i2] ??????? QT ??? Q??????.
A  QTAQ
POST: A[i2+1:min(i1+b;n);i1:i2] ??????? Q?????? bulge?????.
A  AQ

















??????? 1?????? 5120?? 19456?? 1024???? 2?????? 5120




??????????SBR?? d = b   1?????????????????????
?? 64??? 64, 32?????????????????????????????
???? 256??? 256, 128, 64, 32???? 1/2?????????????????
??????????????
B.3.3 ????
? 44?? 1??????????? 45?? 2??????????????????




























































Exection Speed ( ops)














































Exection Speed ( ops)
? 45: 3?????????????????????????? (Phenom)
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